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INTRODUCTION
Quantitative determination of the composition of lead glasses by means of electron probe microanalysis (EPMA) appears to be relatively difficult especially if they contain a large amount of Pb. In addition to the uncertainities caused by specimen preparation and by the choice of parameters of the measurements, the selection of standards and the correction methods used for the evaluation of the results have considerable influence. A glass sample consisting of PbO and SiO, was chosen to compare and verify procedures used in a number of laboratories dealing with analysis of glasses by means of electron microprobe. This study follows the paper describing results of electron probe microanalysis of a multicomponent glass obtained by an international collaborative team and phlished previously [I] .
GLASS SAMPLE CHARACTERIZATION
A standard specimen K-456, supplied by the National Institute of Standards and Technology (NIST), Washington, D.C., USA was used [2] . The certified composition of the glass in wt% was as follows:
Pb:
65.67f 0.26 Si:
13.37f 0.24
The oxygen value (20.35 wt%) was calculated from the stoichiometry of the oxides and was not certified. For the purpose of this study the following oxide contents, again in wt % were calculated according to the stoichiometric relations:
PbO: 70.74f 0.28 SiOz:
28.62 f 0.51
These values of the oxide contents have been used as the basis for all calculations presented in this paper. The uncertainities assigned to the composition are the 2-sigma values. The glass sample was specifically fabricated for use in microanalytical techniques such as electron probe microanalysis.
The samples were sent to the participants on the project (these are listed in Appendix 1) in the form of small rods. The participants were asked to perform quantitative analysis using an electron microprobe but with the procedures and conditions chosen by themselves.
SPECIMEN PREPARATION OF GLASS SAMPLE
The procedures used by the participants to prepare the glass surface for analysis are summarized in Table  1 . The aim of surface treatment i.e., to achieve a smooth and clean glass surface covered by an electrically conductive layer, was hlfilled by the participants using a variety of methods. All the procedures used involved the same elementary steps, i.e., embedding of the sample followed by surface preparation including grinding, polishing, cleaning and coating with carbon. In principle, no new or special methods were reported by the participants. In comparison with the procedures described previously, the main differences appeared to be in the polishing processes in which diamond pastes were preferably used. As will be evident later the variety of specimen preparation methods used did not have an impact on the accuracy of the results. EQUIPMENT AND EXPERIMENTAL CONDITIONS OF ANALYSIS Different types of electron microprobe equipment were used for the quantitative analysis of the K-456 glass sample: these are listed in Table 2 . Most of the measurements were made using the wavelength dispersive system ( W D S ) although energy dispersive systems (EDS) were used in two cases. The accelerating voltage applied varied between 10 and 30 kV and the corresponding absorbed current values differed significantly from 10 to 50 nA. Very low currents 0.25 and 1.6 nA, respectively, were used with the EDS technique. The electron beam diameter varied from 0.2 to 50 pm. In one case the beam was scanned over a raster covering an area of 20 x 20 pm, In addition to the experimental parameters and conditions summarized in Tables 1 and 2 the times and number of measurements together with correction methods and types of correction programmes used are detailed in Table 3 The results of the measurements were all corrected. Different types of correction programmes were used but the ZAF correction method was utilized in all cases with one exception. The correction methods can be specified as follows: 
STANDARDS AND MONOCHROMATORS
The standards and crystals used by the participating laboratories are summarized in Table 4 . Synthetic or natural pure compounds with well-defined chemical composition were most often applied as standards. Some of the participants preferred synthetic glasses or a combination of both of these types of materials. Three main crystals were used in the measurements: TAP (thallium acid phtalate) and PET (pentaerythrite) both for Si and Pb determination. In the case of Pb the use of an LiF crystal was also reported. The K, line was employed for Si and M, and L, lines Pb detection.
RESULTS
The results of the K-456 glass sample analyses are summarized in Table 5 which includes values of the oxide contents in wt% together with standard deviations as they were measured and calculated by the participants. The certified composition given in the NIST certificate is also shown. The deviations between values determined by the participants and the corresponding NIST values are shown in Table 6 . Tables 5 and 6 ). The highest deviation from the standard value was 1.94 wt% and appeared to result from a measurement made at a very low accelerating voltage of 10 kV.
Standards

PbO determination
The results are again in satisfactory agreement with the standard NIST values, although in the majority of cases the differences between the determined values and the NIST standard exceed the certified standard deviations. Practically all deviations shown in Table 6 are positive values with the only two negative values being within the limits defined by NIST. A systematic shift to a higher concentration of PbO was found compared to the NIST specification in the mean value calculated from the results of all the participants (see Table 5 ). More detailed data would be needed before it would be possible to judge if the correction programmes are responsible for this systematic error.
It is clear that similar results have been obtained from the different equipment, procedures and experimental conditions used by the participants in this study. It is also evident that the nature of the standards used for PbO determination (selenides, sulphates, chromites, molybdenates, binary and multicomponent lead silicate glasses) does not seem to have a significant effect on the accuracy and reproducibility of the measurements. The variety of chemical compositions of the standards indicates relatively broad variation (0.8 -1.2) in the values of the correction coefficients. Nevertheless, even the largest corrections seem to lead to satisfactory results. One of the participants reported the drift of monochromators as a possible additional source of scatter in the results (Pb -2.1%, Si -0.9??). A drift influence might be expected particularly when a PET monochromator is used.
In the previous report [l] Si, Mg, Ca, A1 and Fe concentrations were determined in a K-412 NIST standard. The results reported in that work were in good agreement with the certified values and no systematic departures were observed. Thus the case of lead in the present study is unique in that a systematic shift has been found with 84.6% of the results showing more positive values.
CONCLUSION
Quantitative analyses of a K-456 standard glass supplied and certified by NIST using electron microprobe techniques has been canied out by an international collaborative team. The analytical results are in good agreement with the certified values thus confirming the reliability and accuracy of the work in laboratories participating in the project.
Comparable results have been achieved using different types of equipment. Also the nature and composition of the standards employed do not appear to have any significant effect on the accuracy and reproducibility of the results. Correction procedures used by the participants are suitable to convert intensities into concentrations correctly for all kind of standards. However, systematic errors were found in the case of analysis for lead and suggest that a more detailed examination of the correction procedures is necessary.
